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s sse 3»s! m^^mM D\^sm°\ s »aiis :3^sex^l9loll ^^s3^la -nt^m 
fe iJ bisffli cH^goii ^5521 xfsssg^aoii 5!om. ess oiget sfaAi 

<:dg (Trans I at ion) sea} S| a (Rotat ion)Seoil SIOIIHHiiOlU MOII 2|& a^&^gfll°l ¥1 

xiasm s 4^ SI? gBdi aioixi ais <iAHg oissioi :3is:5}s cH^^aisj ^§ :3is§ 

S ^§5K)1 CHfe^X^I ^01! gfll 5fS3)IB ^i!8}Jl, ^►gos ffXH CH^ffllSI ^§ ::iisg 

s ^§s}oi gxii 5fH3iia ^sita. &01011 sjsh ^ aa?)! a}oi°i es§rs 4x4 mm^ 
8}:n,4.oi es^g :?}gs£oii o\mt\(A mss}^ ssssi sfass weMsgrag jsiaisq. 



iE4 



E 3S 5ISgaia ^§g«l°l 5}H31I« ^SSPI OIIAIE 

<Ea2i ^fivsoii cH&'^sisi ^ys> 

10 : Ul^ gfll ■ • 20 : SJH^Sg^l 

30 : 40 : aiOIH HIS fl!A| 



ass 3xt@l S^^4^0IIAI ?lggX||2| ?|xl »A|IM ^tSMSmOII i}S3|IM 3ISog 3||^^s^fe 

aai s aig^ai □^eoii pi& saesi ^ags »eM§g^aoii 3& 3!oia. 

ej2}2i ifss CH<M3^3| ?ig}oi <ys ssoiiAife sss oigsioi xi-ssf stag ^^^^o. <i^a 
m saes &e!5iAimoi &s ¥i»2j ifAiia sieoi sigsi^ ggsE uioiiai et^ sfae e ^ 2100 
s, 9^ e^^stSs fiojfe a^ihetejoiiAife n ea^oi ^jmn saio. 

o}xis}, cHvssi »ea ^raM ^j^sspi 9isioi oiai ssoii qi§foi ^ixia 

§MB gfo}of 5i:2, ^01 §as snoii ^sta inAPioii °\Qm ^'^j3,d\ sus g^ioi :'}di ^ 

a 3S0II CHS.^ g&t[ XfAIIS}?lx|ot SMS S^Cf. 



12-1 



aE&. as CH^ SMEi 6KHS[£ Scroll feOlfe ^X\Si J}M\D\ OHB! bmaS, OIEI SAIgfOt 

mm 9a. 

m^M, D\s ^^aoi 4^S£i:?i soil miA ^ra a^g^i ?ixi2f xj/dPf ihaib a^a ch^§£| ?i 
xia xjAiioii cHSKM srcH^^s gam esFa^xie ^ssfot oia hais 3£^a gai^F 

a^M ^bhoii^ ^521 mBow ^ahs go^A^ era si^si ?ixi2f »Aiia gai 
seife aaoi SO! no\o\ xm sio. oioh mam 201 s sssi :?i^gotei sssi ^eoii 

Ai 3S5||S¥E) ^§9 CH4^gai£l SH:>II AhOISI &D\\m S£8h^ s^oia. 

aeu^ a^ ^^^Moi s^ici. 

SeiJRH^. 2|2vo| Q^A^ g^^ioii Qia^cW o|^, ^ ;j^^^,o| ay^i^K ^ oji^m Il§£(High Accuracy)^] 

M§^(Fixture)M ^:>1l5K)i Olgofe ^^^OIQ. ^, ^^2\ g^M UlAll^ IfflS^ ^J^l ^^901 

^mm QHHi Qi^^g ?ixm x^aiim aig^xh uioii 9Jimm ^mm ^ 9Ji^m a^^mm ^ 

XIAI^l^ MS^B 510ia. ^012f as ^^SS 5§ I^eifOilAS ^01 MgSJGHXIH 2^a. 

^^as si^^ ^mm digoi oh^ jij\o\ii, 

EEs^ Aie>3f disoi aoi ^a. £e&. oii:?ixi ms^si §iroiu2»si ^^^ai chxh^ 4^ sia. 

^SHjRH^^, 2D ailOIXi ^liilAHM OlgmOl ^7:11 5[g 4^^A|, CH^^g^i ¥jx|2f X^A||M HAIM 

tDI2[ dliUmoi &^□^ei 2.^8 :^tii^6K)l Saesi 2fg g^s OH^ aSehP. g,^^m 
e CH^^^M i^xIKRigid Body)^ :?F§6H1 S.^ ?|x|2f »A!I5| S^^ef ^§§^0. 

Aiie!»isfe, sfei aioin dis ^Mm Ahgmoi Msm^ ^aeiQi se i§ &^3&6K)i a^5^e ag^f a 
a. 

£ ie fillOIXH dIS ^AH2| ^§ OilAI5EOia, 

£ ie §[26K)i ^S6hS, £^oJ eilOIX-l dl^ <^M^ £ 13f aO| eilOIXi E|oi <y^^01l CHaK)l 3x^^ 

saate ^ch si^ ^ahm ^^o. o\^^^ 3x\m ^ahb ois6K)i Jim a\^n]\9!^ ^xh [:H^^x^^ a^oi 

£ MSe^Q. ?]xlM§ ^^as Oi^^joilM i^joll^ D[^B[0\ Q\^n]\9\ 9\X\2.X\ ^2im <M 

g(Translation)^eiif ^ 2 (Rotat lon)^g2j g^^ei t^SthQ. CLF£f AH . CH^^jQj|£J ?ixi2f X^AIIM 

asah^ ^§ ^^cH^ei ^xisxhu ^xHmxi ^^ain :?^§moj ^<5i^ B^eioiiAH d[ 



^oi2f as ^ ^^SHj :pi^go^oi ^h^m oigth i^'i^^j ^^s^^as cn^^eoii ^^oi ^^>ilk ^§ :)| 
xii§v^oiii, 5E§v :?i^^xi£f xhAiie a§^^ an d^eioiiAH oiai^ e§F s^xim ^ 

^ ^^SS as ^Xllge oH^mUXf XJIAIS ^I^^aH. ^ <y^(Translatlon)Se 

a US(Rotation)^eOj| SjOil dlM^OlU 3D eoil i:H^^Mxf2J ^xlSSM 2i£ 

^^x^l ¥1011 mx]\ ^RDwm^^mn, as ^^a^^ ^^h di^. Q\^n]\9\ Pi^gg ^§aK)i mxn 
oil oismoi s§6fe Ma^si ^.^gg^ »gfi§g>^ae xiissh^ qi 910, 

oimoiiAHfe e ^^9x ^Aioji£j ^^goii ^rnoi SE^ ai ss i,^i6K)) ^sam 

XF ShQ. 

£ 2^ Sxh^^^Oil ^XH6^^ ?|xlM 01IA!£0ia. 

£ 3S ::?i^ex^i2f ^s^x^isi 5fa:?iiM ^sm:j| ¥it[ oiiAisoia. 

^xii ^aee oigt.^ ^^aoiiAH ^ii^^gg^M DH^ a§m:'i ^imoi ^§oi ^sg^ ^xisxf 
^I'^xph :?i^^§goi oiem^ s^2f. ^^wi, Q^&^^?l:^^ oissf^ s^oia. 

:i|2i ^:)ni g^oii oHsah^ ?ix|£xf ^^^¥^b s loii uEimaa. 
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[S U 





T7 ^ HJ AV 


VJ >J /-J fcd 


1. o}^ 


1.1 7<}-*fl^ ^-f: •a<i(Translation)*-&4 
^ ^(Rotation)** -f- t^^s^ 7\3})^^ oi^nv 




1.2 B17<J-SI|^ ^.f: ^^(Translation)**, 
^ ^(Rotation)**, ^\%% , -f- 
fl-a^ofl fill* ^=8^sl o]^ ji^ 




2. ^^s] o]^ 


2.1 ol(burr). ^-1^^^ ^(spring back), 
'a!Ei(hole center). ^2) 7] #7] * ^^-^^ 




2.2 ^^o] :^c>\7\ 23( 





S m S^SahOI ^S6fS, SeiJKHS HAI^^ ffH^I CH^^eOil CH^h ^XH ^ 

S CH^i-MSj MCHS §£M 4= "^^oS^ S^OIQ. ^, 3x^^^^0^l ^ 

gx^lHJ ^xlS £ 22f ^01 X, Y. Z°j 3:>H^01IAH ^Oi£ ^^^OilAH^ 3S , 

5E e.^ ^^^o^^ 2§. UCHXI §h ^^^^^ ^^OhO^ £ 2fe Z^^^o^^ 3S . 

caeiA^. 3xF@i^^oiiAi Mx^l2| ^xisf ssispi ?i6HAj^ 2j(>i£ 3:»H°i ^§§01 ^xHmoiot 

S^2f blS^X^Ioi S^OII C[f£fAH HoiOl AH^CLf^QI, i^x^iei S^Oil^ Qj^^M^J 

<yg(Translation)^e3} si 2 (Rotat ion)ge011 HloHAHef ^Cf. SffeCf s;?]! b|ax^|£J Qj 

^^^ei 3^ ^§§2J Sxh^ CHAf^oj iyg(Translation)^e3f jyS(Rotation)ee2l01l 

oji» MS DMBf aq. , ./ . . ; . 

1) gioHot b^(burr):?^ ^ihs^^ 

2) :?^S6^0| giOHOt blH(bead):?^ ^XH3^fe 

3) 3S0II S|6K)1 ^^as^fe &a ^SirCSpring Back)M SMoHOt afe ¥?|. 

4) punching) Oil 2jmo< ^:?|^ S(hole)OIU, ^5(slot)2| ^xlM SAFoHOf Shfe 

5) 3 21011 im^^ §^^S SMoHO^ . 

aioiTH ^AHOii £jev 2»¥^ SMAL SA^¥¥l:?^ a^^MSi aig s» lhoii sws s^2f mch 2 
XI s^oia. 

^K\^^D\ oi^^Msi 5ig gxh uioii m^m s^oii^ saf^^^ ^ s^^hs, ^ih ch 

A^gx^i2j i\^^^y\m ^^cH^ei ^g^^e ^§§[a. ^^^m ^01 oigoK)i ^ 

:>}s g^a ^§^k:i.sa}¥?i:?} cH^^esj oig sxf uioii mchsxi s^^ g^oii^ ^521 s 

^01 ^soi ?ixisxf ssimii. ^Bssi :>}ss^Mss ^imoi s ^^gg a 

^eiXQI^ ^§§2J OieOIIAIfe □j^^g01 a^iiej S^2f bli^X^|Ol s^M e¥ usiahoi 
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2£ M^ii2\ mmow ii3.n ms^m Tii^^sH urn. ^&^m msio\ ^ a^m a^oisi 9\n 

e, asoiiAH exH 2fa u^fgsi ifsixis di^q^ ^►cH^iej ^sirs :n\^m ya. 4.01 
si§ gjy youAi gA^?^ oi^oixixi atHa ^facH^^m »ai2i ^t^Al g&ss gssm. sfacH^se 

E as sfSM 4=S8hfe sae(30)a. si5(30)oii ¥s,^£ioi gxiiej ^§s^fe aioin dia d! 

AJ(40)a. &XH^l!gfll(20)2}, Z'lS gflldO) 2| ^§gX||°l 5ffi3tlM OI¥Oi SCf. S5(30)°l 

^soii eiioixH bia iu/H(40)fi oigsKX gaioiiAi ^§gt ^§§21 ?ixig pi(x,, y,. 

z,). P2(X2. yz. zz). P3(X3, ys. Z3)£f oh3, eXH^g gXIIOIIAI 3|g ^§§2| P'1(x',, 

y',, z',). P'2(x'2. y'2. z'z). P'3(x'3. y'a. 2'3)£f ma. 4f3| P1(x,.y,. z,). P2(x2. Vi. 23). Pa(x3. 
y3. Z3)2f P'Kx',. y',. z',). P'2(x'2, y'z, z'a). P'3(x'3. y'3. z'3)M 0|g6K)l 2i^°i CA^MOtt CH^ 

gxiisi □4^»i 5fS3ii PKxi, y,. z,)os D\mma. Mmm sish mm 

— _ ^1 _ ( X2~ Xy. y2- yi, Z2- Zl) 



( P2- ■Pl)X( P ^ ) 



I ( Pz- Pi)x( P3- Pi) 



( X2- xi. yj- yi. zz- ^i)x( 3^3- .gi. ^3- ^i. ^3- ^i) 
I ( P2- Pi)x( P3- Pi) I 



T 



( vz- >'i)( ^3- -Si)- ( ^2- 2i)( ys- yi) 

( «2- «3- ( XZ- XlK «3— 2l) 

( X2- JCiX ys- yi)- ( y2- yiK *3- «i) 



A=( ^2- yi)( ^3- -zi)- ( ^2- «i)( y3- yi) 



B=( «2- X3- Jf,)- ( JCj- Z3- Zi) 



C= ( 3f2- xiX y3- yi)- ( y2- yiX X3- «i) 



cH4^ai as3iisi g^s b^hm ^^af^ 3°^ 3llt^g^[:^. 

"~* = ~* X ~* 
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aiSlM, D\S SMSi SfS:7ll SIS %g (Rotation Matrix)^ AS. Ji\i*&a. 



^ = ( «a(y» ««) 



♦*xy 



— ( njBc. 



= ( W«. M«) 



mm, Dim mx\\9^ a\^n]\ br^\\s\ mmm pi=(xi. yi. zi) 9.^ D^mm^m^i 

t^^^ (Transformation Matrix)^ 521 aO| BQ. 



0 



n 



zx X I 

0 1 



^^^^ aejif^a. 

S5HXIS. D\mmn\9\ cH^^xii 5fa:>ti ^^i^ ^'Eie 4^^^^' :Jii^^ehc:f. 



P 



\P2-Pi'\ V ( ( 3^2'- ( Z2- z.-y 



« ^ |( P2'- Pi')x( Pz- Px)\ 

K Pi- Pr)x( Pi')l 

j_ ( \ ^2'- ^'i') ( ^3'- ^r.)- ( -zz!" ^1') ( y% - y\) 



>l= ( yi- yT) ( ;^3'- ^r)- ( zn ( ya'- yil 

i Z2- Zi ) { xz - xil- ( X2- Xi') ( z^'- Zil 
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'= X 

n y n z ^ J 



/ ^ \ ( ^yr' 

^'"^ «/ »/ = 

I «x» «J« «« 

—V Wjor , «ay » W« ^ 
« ( «3a:'. Wyy'. 

71 y 

« '=( ^z»\ 



nam, mx-ii£| d\^x\\ 5fS5ii2j p'i=(x'i. y'l. z*i) z^Fsmaeni 

Si e^S^ (Transformation Matrix)B 103f ^01 S1C^. 



r2= 

















y\ 


0 




0 




0 


1 



^oi2f oi^oixi^ :^i^Mxii2f as:?jia ^§mo< ^^9\ ^^^^ x^^ms 

^^aOil aShOl £42] &S6hO| ^gohS 

£ 4M ^^^5K)i ^SS^^. ^5e(30)2i aiOIX-i dlS^AH(40)M AhgSKOI ::^i^eX^I(10)Si i^i^^SSSi % 

x\m ^§!§[c:ksioo), 

nfs sioooiiAi :?i^gjcii{io)si :7i^^§§oi ^uga. Pi^gflidoei :?i^aH:«iM 
^§§^a(S2oo). 

jifs s2oooiiAH :?l^ex^!(10)£l D\m^KyiD\ ^sse. ^11(30)21 eiioix-i diaMAH(40)B 
^fl^^§gx^i(20)si :?i^^§go| ojj^ig *§tha(s3oo). 

^01 nfs s30ooi!AH ^xH^§ex^i(20)£l :?is^§goi ^§£ia, ch& ani^§Mxii(20) 

SI ^Ryi\m ^§e[a(s4oo). 

^01 S4000IIAI ^xH^§exii(20)s) 5^s:^tP^ ^01 :?isas^i2f exH^§Mai(20)si s^s 

^liM oiS5K)i&^s2}2i a^irm ^&I:KS500). 

^01 as SSOOOil SI6H e&gOl ^oHXie. ^^^m OlgmOj SS^^SM 4-^tFP(S600). 

^^:?isi 2t§s -AT^ki H ^^soi sisEm^ qi^ sassi stags x^eM§^^aol ^asa. 

0\<^B\ agOilAi ^ 4^ afe b^2^ aoi. S ^SS SSe Olgt^ ^a{Translatlon)S§3[ 
SiS(Rotation)SSOilSi& tfg SiOil biSHOiU Sffi gOli 2i& Di^^gfllSi ?ixia§S & ^ S 

^ ^Boii ^stQ eiloix-i uis ^OAisoigoK)! D\m :?^g m^^xiisi ^§ D\^^m ^ssfoi ch&^3qii 
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OlSS^Ot MSotOI. eilOIX-l e^AiS SISOII ¥S^Sf01 OlSSf^ nSSf SSOII/H SA^U D\S9\ 

6!as§ 4^ 212CM. s^fsi 2[aa a ssjaoi ^^i^ aa:?t siQ. 
1 

<i^ag^sollA^ i^ai sfe uigfjiiej Q^mmw cHo^oi ^is^sssi oieoti mei m^a^ mx\2. 
nsi sis2» ^mm ^8^3l 3 lhoii 91^ g^g shxi M§8^fc^ saoii sioiAi, 

S5(30)°j aloiTH bia4yAj(40)M A^§8^o^ :jissai(io)2i jis^sssi 9ixis ^ssjfe 

^gIlfg(S100)a: 

sfa cH^^goi a«iei asois s ^6!ois mm neism, uiaxiie! 3^ dsois, ^aoi 
§, biMH 3i sue as ssoii siev ^§§si o\mm Jls^o^o^ :7is§^i(io)°i i^is »s?iis 

SS(30)2| eilOIXI bllSd!/H(40)M A^g8^0^ SXH 5fagai(20)°l 3IS^§§2| *§8ffe S 

m. bisii s gge as ¥^21 ssoii £j& ^§gsj o\mm masjoi :?i5gxii(io)oii □)& axHs^a 

2121 esse 4x4 SgS 3j|^ih8hfe B3Sg31l6J3f§!(S500)a; 
S=?S 2 

§^tf 1011 2^o^A^, ^isaaJii^gafscHiAi aa^Jisi es^gge asoii sish ^sh 

(a) mx]\°i a\^xi\ as3)i sigg pkx,. y,. z,)^^ :»^§t^a. 

(b) a aSOll °I8H S!gO| SoHXIS. a^4^x^l afi?ll Sif siJEIS 4^S|Ai 1^ 

311 ^i&a. 

-» _ ^1 _ ( X2- Xi. yi— Z2— z{) 

n, I Pz- P, I >^ ( X2- x{)''+ ( yj- ( z,y 



- ( Pz- Pi)x( P3- p.) 

n, I ( Pj- ■Pi)x( Pi- Pi) I 

( JC2- xi. yj- yi, ^2- zi)x( X3- Xj, ^3- y,. .zg- j,) 
I ( P2- Pi)x( P3- P,) I 



1 



( ^2- yiX X3- ( -?2- ys- yi) 

( ^2- ^,)( X3- Xi)- ( X2- Z3- Zi) 

( X2- ya- yj)- ( yg- y,)( xj- x,) 



>l=( ^2- yiX z%- Zx)- ( ^2- ya- yj) 
B=( «2- X3- «,)- ( arj- «3- «i) 
C=( X2- xiX yg- yi)- ( y2- yiK «3- «l) 
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(d) mmsi cA^m ^R:n\2\ eyas 



(e) mEiM. mmm aa^ll Sg(Rotation Matrix)S 4S ?ll<i^e^CI. 



— ( «xr. W«) 



— ( n^r, «yy» nys) 



= ( w«) 



(f) Pi^ pi=(xi. yi. zi) :?^§m^oac 

:)||o| ^s^|S^(Transforraation Matrix)M 52f aoi ^g^Q. 



n 



Wyz W« 

10 0 0 1 ; 



Oi:7|0||A|. PKx,. y,, z,). P2(X2, yj, Zz). P3(X3, ya, Zs)^ «3I I^IS SfllOII/d :7|S ^§S°J ?l 

3 

(g) ^iH ^^aemsj QfAfjii gjgg p'Kx',, y'.,. z',)o^ :3h§shoi mmct. 

(h) o3f§oii 2j8H sisoi SoHxia. :)l^gx^|2i □&^^^|.^^fi?1l eiiaa ^sf^ 3ll<^L^ 
em. 
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- ( ^2*- Pi')x( Pz- Pi') 
n - |( Pi - Pi')>^( Pi - Pi')\ 



|( P2 - P,')x( P3'- P,')| 



( y?'- yil ( «3'- ^i')- ( zz'- zi') ( ys - yi') 

( Zj'- Z,') ( X3'- Xi')- ( JC2'- Xi') ( Z3- Z,-) 

( ^2'- xi') ( yj'- y,')- ( yz'- yT) ( «3'- Xi') 



A=( yj'- y,') ( «3'- z,')- ( Z2'- zn ( yj'- y,') 
S=( ^2'- z,') ( X3'- X,')- ( xz'- X,') ( Z3'- zn 
C= ( X2'- xj') ( yj'- y,')- ( y2'- yi') ( X3'- x,*) 



(k) D\m gXIISI 3EfS31l SIS Sg(Rotation Matrix)^ ^'Sf^ 9S THi^mQ. 



„^ '=( «*y'. n^') 

ny * ' ^y^^ 

„^ '=( 



(1) irfdfAH, ^x^i2i 5fs>ii2i m^m p'i=(x'i. y'i. z'l) i^hsmaHHS aife^fli sfs 

^t^iy ^(Transformation Matrix)^ ^01 ^^^Cf. 



















0 


0 


0 


^\ 
1 



O|:3|0ilAH. P'Kx',. y',. z',). P'2(x'2, y'z, z'j), P'3(x'3. y'3. z'a)^ SJH^g MXIIOIIA) 



12-9 



1. m=?m 2 sEfe s^s 3011 9io\M. fe^:?! ^\^mmm cam eiH ^fasaisi »oia 91x1 g ^ 



£01 




A Z 
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£34 



I 



SI 00 



S200 



^^^^^ 



S300 



S400 



S500 



^^^^ 



S600 
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